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TITI 81 An Analysis of Surface ' a vg s Camera ted by a abaerged 
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Lieutenant (Junior Grade) barton U. Brooks, Jr., 

0. S. Xary 

Submitted to the Qepartatent of Naval Architecture and Marine Eng in- 
earing on 25 say 1953 in part 1 & 1 fulfillment of the requirements tor 
the degree of Naval Engineer* 

This Investigation is a study of the characteristics oX the sur- 
face wave generated by a subiserged hydrofoil* 

The experimentation is conducted on essentially a two— dimensional 
basis* Measurements were taken along the centerline of a circulating 
water channel* The wave generator is an infinite aspect-ratio foil 
of NAGA hhl2 designation. Generated under controlled conditiono of 
hydrofoil angle of attack, depth of sufcacrgance, and stream velocity, 
the wave is defined by aeasuremente of basic distensions such as am- 
plitude and wave length* 

Results obtained ares 

_ _ 2 

1 * As ? as predicted by theory* 

C 

2* Curves oppressing the relationship: amplitude versus 

angle of attack, substergence and velocity* 

It is concluded that deep water waves can be simulated in a cir- 
culating water channel® An extension of the range of this type of 
experimentation can lead to a complete colutiaxi to tc* characteristics 
of surface waves generated by a submerged hydrofoil* 
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i. r.TrOucrcri ? T 



The use of hydrofoils attached to the hull ox a cur: ace vessel 
is not a new i ’ea, Their application has been attempted in itany 
ways* In the latter part of the last century $ Alexander Graham 
Bell designed a small high-speed craft equipped **itn foils which 
attained remarkable speeds for the pa.-er then installed. During 
World War I* the British Admiralty investigated the possibility 
of using foils on ships with the idea of lifting a ship nodily 
out of the water to reduce its susceptibility to torpedo attack f 
but investigations were abandoned without conclusive results* 

The Denny-Brown Stabilizer* which wa: first introduced com- 
mercially in the 1920s* represents a successful application of 
hydrofoils on surface vessels. The stabilizer consists of a 
hydrofoil located on each side of a vessel’s hull at the turn of 
the bilge. The hydrofoils are actuated by machinery • ithin tho 
ship which causes them to rotate to counteract and reduce the roll 
of the vessel in a seavray. 

For the past fifteen years hydrofoils for use on nigh-speed 
surface craft have become increasingly popular. Hovevcr* their 
use has been restricted to very small high-speed craft whose dis- 
placement is small enough to permit the foils to lilt the craft 
out of the rater. Wit a the exception of the Denny-Brown Stabili- 
zers* no real attempt has oeen made to apply hydrofoils to large 
ships* 

The attachment of hydrofoils to a ship's hull for tne purpose 
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of reducing wave resistance is a comparatively new idea,, In a 
recent paper * read before the 1953 meeting oi the Society of ;*’aval 
Architects and Karine Engineers* Professor k» A. Abkowitz of k,I»T, 
presented his ideas and the results of his experiments showing the 
possibility of reducing the wave resistance of snips by the use of 
hydrofoils located at the forefoot. Under Professor Abkowitz ’s 
supervision* towing tank model experiments have been conducted which 
have shown qualitatively a decrease of model resistance at high 
speeds. 

The objective of this use cf hydrofoils is to achieve a net de- 
crease in resistance by accepting increased frictional rosistarce in 
return for a large reduction of wave making resistance. 

Wave resistance can be considered essentially a pressure phenome- 
non m which the pressure gradient around a body moving near or on 
the free surface of a fluid results in the forraatio; of a system of 
gravity waves. The most prominent, in the case of a surface hull of 
large displacement* is the bow wave* A reduction in the amplitude of 
the generated waves by means of a hydrofoil attached to the hull rep- 
resents a lower energy loss from the moving vessel* which may result 
in an increase in speed or a reduction in the required horsepower for 
a proposed design. The presence of a hydrofoil in the vicinity of a 
vessel’s bow* so located that its generated wave cyst cm would par- 
tially cancel the snip’s generated graves (particularly the bow wave)* 
could reduce the wave making resistance of the vessel* Furthermore* 
as a secondary advantage* this device, by its very locnti.n* has the 
useful characteristic of reducing the pitching of a vessel in a 
seaway. 
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II procedure 



The wave profile was obtained by running a centerline traverse 
the length of the test section. The surface elevation at each point 
was obtained by the point gags • the horizontal distances were fixed 
by alignment of the telescope cross hairs on the probe tip and read- 
ing of location on the scale affixed to tho telescope bench. The 
location of the probe tip way be measured to 0.01 centimeter with 
such a point gage, and the telescope location read to .02 inches. 

The instrumentation, simple as it may seem, is very precise in 
comparison to the inherent fluctuation in a circulating water chan- 
nel. 

The profile points were taken at intervals consistent with the 
wave length and amplitude, and the curve fixed by these points was 
the basic result of each run. Because of the large number of runs 
necessary, averaging of several readings of surface elevation at 
each point was not feasible. The averaging was done by eye, and 
only one reading obtained at each point. To avoid errors in in- 
strument reading, profile points were plotted as they were ob- 
tained, and examination of the resulting curves showed that this 
method gave sufficient precision, (see sample profiles appendix C). 

In conducting the runs, velocity (V), angle of attack fa), depth 
of submergence (d^) and total depth of flow (do) were controllable. 

To analyze the resulting wave, three types of flow were con- 
sidered, 1) approach flow, 2) transition zone, 3) steady state wave 
formed after transition, i.ave length of tlie steady state portion (A), 
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wave amplitude in the steady state region (a), and the character- 
istic dimensions of the transition region (y 0J y^, 1]^ 12 ) com- 
prised tho data obtained fron evaluation of the profiles. 

Three types of ran were taken, according to the data desired. 

1) full profile the length of the test section or to the point 
where instability of flow made measurements doubtful. ron such a 
profile, all variables could be measured. 

2) A profile from undist rbed approach flow through the transi- 
tion zone, and surface elevation only of the steady state flow at 

.axinum and minimum points. This yields all data except wave length 
and shape of the steady state portion, 

3) Keasurement of elevation of approach flow ana 01 toe maxima 
ar.d minima in the steady state wave. This gives only amplitude of 
the steady wave, 

evaluation of Data. 

Variables were obtained in the following manner. 

Type 1 runs ) "A" and "a H represent an average of all steady 
state waves obtained in each run. This, plus the averaging implicit 
in drawing a smooth curve through the plotted points, yielded reason- 
able, consistent results. For the parameters of the transition region, 
we have, of course, but one measurement per run. Fortunately, the 
transition zone, free from wall and side support effects, i3 highly 
stable, and profile measurements to the order of accuracy of the 
approach flow were obtainable. 

Typo 2 runs) "a” is the difference of tne averages of maxima and 
minima. The transition zone is evaluated as in type 1 runs. 
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1 ^ P0 3 rUns) " a " onl ^ is evaluated and is, a 5 before, the 
difference of the averages of mxiwsa and ninina. 
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III EL^l&TS 

1* Tiier© Is no measurable damping present over the length of 
the test section or any discernable damping to the point where 
weir overfall occurs# As high as ten wave-lengths were observed 
with no apparent change of amplitude or wave-length* 

2. It is possible to simulate doop water effects in a cir- 
culatory water channel, See Figure XIII. 

3. There is no rise of the surface above the foil section 
at submergences greater than ,95 C. 

iu There is no effect on approach flow more than one chord- 
longth ahead of the foil. 

5. The theoretical relation 

a = 2- "” ,g u) 

S 

is confirmed. A plot of this is shown in Figure H , 

6. Curves of °/c versus if. at various angles of attack# 

7. Curves of o/c versus dj/c at various Froude numbers and 
angles of attack, 

8. The following numerical averages and range of variations 
from these averages were found relating the transition zone to the 
steady wavet 
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IV DISCUSSION Of hf SUITS 



The object of this research was to find the change in the 
resulting wave pattern with changes in the conditions of the 
wave generating hydrofoil. In many cases, the relations were 
clearly defined and these have been expressed in the preceding 
section. In other instances ( the parameters of the transition 
zone in particular), where such variations were not clearly de- 
fined, interpretation was needed. In these cases, we have made 
our interpretation and drawn our conclusions, for those who do 
not agree, the table. Summary of Data, found in appendix B, must 
comprise the results. It is hoped that sufficient information 
is expressed therein to aid the research of those individuals 
interested in hydrofoils. 

Since this work was attempted with a view toward the use of 
hydrofoils in suppression of the wave train of a surface ship, it 
will be evaluated and interpreted primarily on tills basis. 

Dot previously mentioned in this paper are the serious limit- 
ations imposed by the equipment which was used. Principal among 
them was an overall limitation on range of both velocity and to- 
tal depth. At the present time, hydrofoils used as wave suppres- 
sors have been of chord-length equal to or greater than the draft 
of the ship model tested. This would mean, in full 3cale terms, 
that a destroyer type vessel, operating at a speed of about thirty 
knots, and using a foil with chord-length of about fifteen feet 
would give a Iroucle number on the foil (V/fgc) of about 2,3. 
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For a typical merchant vessel with a speed of about twenty knots, 
using a chord-length of twenty feet, the hydrofoil's Froude number 
might be 1,3* In our test rang®, the maximum Fronde number attain- 
ed for the foil was 0*92, 

This means that the range of experimentation may not allow di- 
rect scaling of the results of these tests to a full size ship. 

This limit was recognized early in the preliminary analysis, and 
the use of three sizes of foils of about one, two, and three inches 
was planned. Manufacturing difficulties prevented the use of more 
than one foil. It i3 to be noted that the original proposal would 
have extended the range of Froude number to a value of 1.7. The 
extension of the range of Froude numbers tested is recommended 
in order that the scaling methods of ship model testing may be 
directly applied. 

The use of a range of sizes of foils would also have permitted 
examination of one more variable, chord-length, and would have al- 
lowed a check on the validity of the use of Froude number for a body 
which does not penetrate the surface. Only limited work has been 
done on this aspect, but it appears that this is the valid scale 
factor within the limiting assumptions accepted in ship model test- 
ing. 

Unfortunately, this work makes no contribution to the problem 

of determining the shape of surface waves. Attempted analysis of 

(3) 

wave shape by numerical methods proved unsuccessful. Thus, 
within the frame of characteristic dimensions presented here, the 
investigator or ship designer must choose which of the many pro- 
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posed theories he desires to use to express the shape of the 
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wave. 

ho exact correlation of the characteristic dimensions of 
the transition was found, Examination of these dimensions in- 
dicates that their primary relation is to the respective di- 
mensions of the steady state wav©. In other words, /l and -^2 
are increased by any change which increases A, and y 0 is in- 
creased similarly with increases in "a". In the absence of 
any better correlation, numerical averages and the range of 
values obtained are presented. It should be no tod that, for 
waves in which there was breaking of the crest of the first 
wave, the measured values of neither/ 2 or of "a" were usable 
in this analysis. This is easily explained} the breaker is 
a region of high energy dissipation which affects the energy 
content of the wave which follows the breaker. Also of in- 
terest may be the fact that the presence of a breaker tends 
to stabilize the wave which follows, a d very good measurements 
of A are possible, 

■during the observation of the hydro-dynamic behavior of 
the hydrofoil two important phenomena are noteworthy of men- 
tion. First, it was noted tnat within the velocity range of 
the investigation there was no perceptible influence on the 
upstream flew in front of the leading edge of the hydrofoil 
at distances greater than one chord-length* Second, it was 
noted tliat at shallow depths of submergence (d J ) a wave hump 
appeared above the leading edge of the hydrofoil. These two 
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phenomena are of importance to the ship designer if hydrofoils 
are to be used to reduce the wave making of a ship. The use- 
fulness of the first phenomena is obvious in that the designer 
can rely on a free uninterrupted flow up a distance of one chord- 
length in front of the hydrofoil. The second phenomena, character- 
ized by the dimension y , is not clearly defined at the present 
time. Only one conclusion is drawn—namely that in no case does 
a hump appear until the depth of submergency (<0 decreases below 
,9$0 . This fact is useful to the designer in that within the 
Froude number range of this investigation it indicate* that the 
designer tfiould not locate a hydrofoil at the bow of a ship closer 
than one chord-length to the surface. Otherwise the presence of 
the hump will tend to offset the wave reducing feature of the 
hydrofoil. 

The results of this investigation show that not only can a 
flume be used to study the behavior of a hydrofoil in deep water 
but also that the shallow water effect can easily be discerned by 
noting variation in wave-lengths with stream depth at various 
stream velocities. The resulting curves showing this phenomena need 
no further amplification. 

Fortunately, theory and previous experimental work are avail- 
able with respect to wave length of a surface wave. That the 
accepted criteria of A for waves travelling over the surface 
of a deep body of water was met in the experimental results is 
a verification of the proposition that deep water conditions can 
be simulated In a relatively shallow, circulating water channel® 
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Since the generated waves are prone to be more unstable in hori- 
zontal location than in amplitude, an appreciable spread of ex- 
perimental points about tire mean line resulted. 

With reference to wave stability, ^/a gro&tor tlian 0,Qb£ 
could not be achieved because of the breaking of blue first nave 
crest, following this stabilizing breaker 1 Vx values as high 
as 0.092 were achieved. 

The relation of amplitude to submergence and angle of attack 
of the hydrofoil represents the primary result of this investigation. 
In the absence of comparative theory, the curves picturing this var- 
iation must be taken at the value indicated by the small deviations 
from the mean curves. These are design curves, and in addition lead 
to the following conclusions for any angle of attack, there is an 
optimum depth which will produce the greatest amplitude of generated 
wave. This depth, in itself, if a function of the angle of attack, 
increasing with increased angle of attack in the manner shown by 
the curves of a/c vs. dj/c at the various angles of attack. 

Tiris same information, plotted as a/c vs fj' , is presented, 
since this form may well be more useful in design. 



I £ 



- i .t.ru \ jt .. . , ; . ms 4 ■ i 

“ f.J_ -rj. !i U.C; * W > ' '•• *>-*• •. 

,t I ; * X la * tt. '.'•>/» AMI A O' % i* . i „ . -4 

v *v/ u» -v aV° t Ssiiz I ** - .wt. i •' . 

<« v xsu» , - -a 1 - It • c x !*- 

. 4 V.* *»*.-»• - .u.U Is'\ . 11 •. t ! ' - * - * l'-> 

, > * * \m - Jk^j , 0 I* 4 



•-> - *> v 



^ ^ * v * 



'*o.J\fr * - v! 1 ^ '\ . v • - * — >• -*-• 

c 

-V ejuj- _ > i *vt 0 '••■ r .'•-•'■> • . s: - * • • - • •* 

JJ t . . . - l. _ J . .1 . >/xV -•• ' • • 'J-- ’ 3 i- •< •! C u.." A. 

i •<! t jjL: - * • ■•■> t £S*iir' *• • . . • :'i* **il 

.« t_ ...» , • \. -M 10 ->i .£ • .•■* **' 1 1 •• ^ /' ' • L -Cicil wv J <U 

' *4 vt<« -• J S' ■ . i'-. »<•«<; • • 0 * 4 .- - - • '* ' - •*'•*£* .1 

t I A. . I <| • ^ l** 4 .. » * - • 'X 

►- .ju-J* X 8 ' B tflul 

,. ^4 . ,4 - .. t\‘ lO C -ft ... 

^ s *t . r i. ,r ; . *-• 4 • '■» .*•' 



. fii-r ..«i . i 1 r» •• 



- A* -MU #i 



22 



V CONCLUSIONS 

1. This range of experimentation say not allow the results of 
these tests to be scaled directly to a full sized ship, 

2* So clearly defined relationships for the traneition region 
were found* 

3* Bow hydrofoils should not be installed at depths of submer* 
gence of less than about one chord-length* 
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VI RECOMMENDATIONS 



1. Extension of the range of Fj by similar tests to a value of 
approximately 2.5. 

2. The use of geometrically similar foils of a different size 
to examine the variable, chord-length, and to check the validity of 
Froude Number as a scale factor. 

Experimental Recommendations* 

From observations and difficulties experienced, these recommenda- 
tions are made for refinement of experimental techniques. 

1. Insert false side walls in the flume to extend the velocity 
range and the depth of the flow. This would permit a better attach- 
ment of the hydrofoil to the sides and thus eliminate ary “strut ef- 
fect" which is set up by the side supports of the foil. 

2. Install a fully adjustable weir gate to permit more precise 
control of velocity. 

3. A more precise method for establishing angle of attack should 
be used. The present method, with the equipment used in this inves- 
tigation, requires that the hydrofoil assembly be removed each time 
and set for a different angle of attack when so desired. 
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AprD.DIX A 
DETAIL PKOCEPJIC. ASP 
DLSCIUPTIuM OF F^UIRTLCT 



DETAILED PROCEDURE 



Preliminary Analyst#* 

The closest approach to a theory for this problem is the work of 
Laa»b V4 ^ on surface waves due to a moving pressure disturbance. 

Though this theory was advanced considering a pressure disturbance 
at the surface, it was felt that the general method of attack i* ap- 
plicable to disturbances caused by a submerged body. In brief, the 
theory predicted (a) change of surface elevation over the finite 
length of the disturbance with the shape of the elevation closely 
linked to the nature of the disturbance, (b) a transition region of 
approximately £ a wave length whose nature was exponential, (c) a 
damped oscillatory wave. Further, Lord Xelvin had theorized and ex- 
perimentally checked the fact that no stable wave pattern would re- 
sult at velocities of less than about 23 cm/esc. 

With this background, the method of procedure as stated on page 4- 
was adopted. 

Also apparent in the preliminary analysis was the question of 
simulating deep water conditions in a channel of this type. 

Only this far could theory help; it was necessary to know the 
general nature of the waves before proceeding. 

Sequence of Investigation j 

In order to get consistent results, reasonably steady approach flow 
to the foil had to be achieved. It was considered that this could be 
accomplished without modification to the channel, as installed, by plac- 
ing our foil and observation section a distance of about fourteen feet 
from the inlet. Upon establishing flew with the sluice gate removed 
from the inlet, it was found that a standing wave existed the entire 
length of the channel . This difficulty was resolved by lowering the 
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slu± c<s gate to create a saiall head (cne to two inches above the level 
of surface fleer) in the inlet tank* This alight contraction of the 
inlet removed the standing wave* and the length of approach flow was 
sufficient to take care of the additional surface disturbance caused 
by the sluice gate* 

With satisfactory approach flow established, the foil was placed 
in the flow) and velocity, submergence and angle of attack were varied 
to note qualitative effects. Two results were immediately noted i 1) 

The damping of the wave train was not discemable to the eyej 2) Lord 
Kelvin’s prediction ae to minimum velocity was optimistic in terms of 
stability of this equipment. Only random disturbance was present be- 
low a velocity of 1*25 feet per second, and, up to velocities of about 
Itk feet per second, measurement would be difficult. 

It was also observed that the foil supports were creating scaae sur- 
face disturbance, and that this disturbance converged at the center of 
the channel at approximately the second wave er st, independent of the 
velocity of flow. To the eye, these effects appeared ei sable, so it 
was decided to round the corners of the side supports, and if this did 
not suffice, to measure the surface profile generated by the supports 
alone, and try to subtract these values out of to© profiles generated 
by the hydrofoil. 

The rounding of the edges of the support pieces produced no change 
in the size of these disturbances, but, when the supports alone were 
placed in the flow, there was little or no effect on the surface, and 
no measurable wave was caused by these supports. Thus, it was de- 
cided that the unwanted surface disturbance was being caused, not by 
the side supports themselves, but by + he complex intersection of foil. 



TJ; 



' k f . I «- • c- • • , t , .. j M» . . •. • ».* -V • V , * 

,-:t {•ai -••j# >.i. • lo 

5-1 ft ' t •• •• » V-*.* • «* imimi 




Wu » 4 *1 -*« <*. •«-? q« **»..♦» 1 ■.Ml* t .>•■.» 



•» -■!> • ■» L» *j: • .«• a • , * j r-- .r- • $«"*£ » «ft' M 

a ti ■■ .■ •’ *f* v* • >• l j •- • ♦ ' «. . . » >»•;< »*.' '*-4; .-.'7 i-oO M 

t in l < « t trtp »4> eJ ^ T‘f* «#• tu «ftt 

• » ■ * *l ? * • M • •- Mi;J U*y •'f- ' 

-•J -?f »•* I »4 >* *i«' ,i . - ■ ? T^tl **••?« 

i' :» .o ■ -- i. s i. a >•'.,*• i * t. ciav • «*i 

« . : * . Li, w4 • i ^ j « -a s»: , ' " . 

«. . • . . • r i . » ; 1 • h#r-4**Ao otI.« *i 

» r •" • 1* » . *• tl. ■ * t »* :j- lb ■»*,. 

• c.* >• *. i- »*■ — • «►- fr. < stim* V tAT 

« . • ,» . t , •• *1' I ,<* . 1. liloolirr 

. ..•• * £ , *■ . J..-I •. . . 3 I.; tu r. *. - .'.A -4. »•• 

<.'• . . <■:< i f #. . •> * . , .'Qi 

< i: • t • « it »• V 

„£••. • and 1 «*' 

*4 ... - *— ... •• r-i * . 4*r> . i *»<* o 14 in * .» * 

ww ^ «n>i>.» •*. »- * t .-a • >• a-**.v i. m » •« «w «.( 

is* .*a>k« Mi t**iU *4^ i. • •>(*. . ( « . *i * 4. 

• . j • •. • . . ct 

(•***•''. | ->■•*. > 1 M » i 'J V «f.( Af. J . • lt*3 

1 1 ^ 1-4 4— » • . «4w,jr» J Pf-J 



28 



wall, and support. This was confirmed by observation that side ef- 
fect first appeared at the surface at a different horizontal location 
as depth of the foil was changed (moving downstream, as submergence 
was increased). 

As this could not be eliminated without major changes in the 
mounting, and it was felt that foil and channel wall alone would pro- 
duce considerable effect even if the supports were removed from the 
flow, this three dimensional effect remained throughout the experi- 
mentation. However, as plotting of the profiles progressed, it was 
shown that this effect, though tending to make measurement difficult 
in the vicinity of the second crest, could be averaged out by care- 
ful use of the depth gage. Even with very closely spaced profile 
points, no appearance of this disturbance could be noted on the plot- 
ted profiles at the point where visual observation shewed that side 
effects were present in the centerline profile. 

A much more harmful effect of this side effect was its contribu- 
tion to wave instability, particularly at low velocities, and, if a 
mounting could be designed to eliminate or reduce these disturbances, 
a. jainism velocity much closer to that predicted by Lord Kelvin might 
be achieved. 

Since this investigation would have been of little value unless 
it could be related to hydrofoil performance in deep water, it was 
felt that the first objective must be to determine the effects of the 
comparatively shallow channel. This was done as follows: 

At each of several selected velocities, the controllable variables 
(angle of attack, depth of submergence, and velocity) were held con- 
stant while total depth was varied from the maximum allowed by pump 
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capacity to the minimum where total depth was only slightly greater 
than the depth of submergence. Resulting changes in the characteris- 
tics of the generated wave were then the "shallow water effects". 

Once the point at which changes occurred was established* inves- 
tigation proceeded at depths greater than this critical depth and 
thus deep water runs were simulated. 

In addition* til© first part of the investigation yielded enough 
data free of shallow water effects that it was possible to establish 
th© fact that wave length was a function of velocity only. 

The remainder of the investigation comprised the collection of 
sufficient data to establish the effects of <*., d^, and V on the trans- 
ition «one and on amplitude of the steady wave. 
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THE HYDROFOIL 

The hydrofoil selected for this experiment was the N.A.C.A. 

Ljltl2 airfoil section. The profile of this section is shown in the 

appendix Table no. I with a tabulation of its coordinates. The 

choice of this particular profile was based pri. arily on the avail- 

ability of existing data of a similar nature which would be useful 

U)U) 

in the course of tliis investigation. This airfoil is 2.b"in chord 
length and 13" in wing length. It has a 12 percent thickness ratio 
with a Ls percent camber. The trailing edge was rounded off slight- 
ly to facilitate the machining of the foil. The foil was made of 
dural and was manufactured by a special milling machine in the -.loan 
Laboratory of the Institute. 

THE SAT! : CHANNEL 

A photograph of the water channel is shown in Figure A 
This flume is capable of a maximum flow rate of 1200 G.P.M. It is 
18” in width and 2k feet in length. The entrance of the channel 
contained radiator baffling followed by a converging section to 
stabilize tho channel flow rate and produce as little surface dis- 
turbance as possible. For the low velocities needed for this in- 
vestigation (about 1-2/. i. 3.) this arrangement was not quite satis- 
factory because standing waves were generated on the upstream side 
of the tost section. A satisfactory flow surface was produced by 
merely lowering the sluice gate until it made contact with the 
water surface. Surface disturbance variation, (unsteady) was. 
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at the most, about ly millimeters. 

The flow rate of the channel was established by r.eans of a 
calibrated orifice section located in the piping on the disenarge 
side of the pump. A differential mercury nanometer was attached 
to this section and the flow rate could be obtained by measuring 
the difference in mercury levels. Then applying the calibration 
formula 

Q = 1.806 YJT (2) 

the flow rate and hence the velocity could be determined. 



THE ImASUAING LQhlPMhST 

A depth probe, calibrated in centimeters, was used to measure 
the heights of the generated waves, the undisturbed stream surface and 
to establish the vertical height of the foil tip. The probe was mount- 
ed on a carriage which could be moved on rails located on top of the 
flume, 

a telescope apparatus shown in i*ig. XI was used in measuring the 
horizontal distances. Duo to the long ana on the depth probe, inaccur- 
ate horizontal distance readings would result if horizontal distances 
vrere measured using the probe carriage. The telescope was mounted on 
a moving slider which wa3 free to move in a horizontal direction along 
an aluminum 2x2x2" angle, This aluminum angle was securely bolt- 
ed at cacn extremity of the observation area and checked for level and 
cross-level by means of a machinist's level. 

A steel tape was laid along the top surface of the angle for use 
in measuring horizontal distances. Vertical movement of the telescope 
was achieved by clamping the telescope on a depth probe which in turn 
was mounted on the slider. 
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The procedure in using the telescope apparatus is as follows s 
the slider is first moved to a desired position on the angle bar. 
Then the probe carriage is moved along the length of the flume 
until the probe tip is observed in the cross hair of the telescope. 
This establishes the abscissa of the particular point on the wave 
profile to be measured* 
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TABLE. 01 OIK.; TO *Cii NACA 4412 
AIRFOIL StfCTIJ* 



STATION 


UPPER 


LOMKS 


0 


_ 


0 


1.25 


2.44 


-1,43 


2,5 


3,39 


-1.95 


5*0 


4,73 


”2.49 


7.5 


5.76 


-2.74 


10,0 


6.59 


-2.86 


15.0 


7,89 


-2.88 


20,0 


8.80 


-2,74 


25.0 


9.41 


-2.50 


30,0 


9, 76 


-2.26 


40,0 


9.80 


-1.80 


5o.o 


9,19 


-1.40 


60,0 


3,14 


-1.00 


70.0 


6.69 


”0 .65 


80,0 


4,89 


‘*0.39 


90,0 


2,71 


-0.22 


95,0 


1.47 


-0.16 


100,0 


0.13 


-0.13 


100,0 


- 


0 



In the above table the stations 
chord length. The ordinates to the 



Leading edge radius - 1*58 
Slop® of radius through end of 
chord - 4/20 

Max. mean camber ® ,04 A C 
Location of max. mean 
camber - ,4 *■ C 

Max. thickness * .12 a C 



are expressed as percentages of the 
upper and lower surfaces are also 



expressed as percentages of chord length. 



The foil used in this investigation was designed for a cnord length 
of 2, SO inches. The trailing edge had to be rounded off slightly to 
facilitate macnining. The actual measured chord length was 2.77 inches. 
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HYDRO TO XL 
lose- up of foil 
id movable mount 




FIGURE XIII 
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& d 

vt «-t 

ooo 

♦f> 


m 






* 




fHO 


o 


25 




<Q 


O 


a u 


GS 


M 




© 


S 




t® 

w 






& 


0 , 


o 


o 


e* * 


• 


a r~J 


25 


« • * 


S3 <H 


M 


SCSC^hC 




;p «H -H 




-3 




d C 


M 


CD CD 


«& £4 


o 


tOO® 




fin 


O • © • 


& >* 




OOi W £>• +» X. 




ft i 13 rt 


O 

as 






APPLNDIa B 



SuMi&utt u* Da'lA AND 

calculations 



35 



a ABU II 

So— ahx yjt 1 . xFiiii r xaL u&ia 



Kbit 

NO, 


dl 

in. 


8 0 

in. 


QC 

0 


V 

It/scs 


A 

in. 


a 

in* 


in. 


7 1 

in. 


li 

a. 

in* 


is. 


7 


2.94 


9.95 


2 


1,30 


4,5 


0.17 


0.13 


__ L 


2.2 


5.0 


8 


2,92 


10.24 


2 


1.83 


8,0 


0.50 


0.37 


- 


3,9 


K 


9 


2.94 


6,72 


2 




5.7 


0,42 


0.23 




2,6 


5,6 


10 


2.93 


9.03 


2 


1,72 


7,3 


0.61 


O.JO 


- 


3.8 


7.6 


11 


2.97 


7.77 


2 


1.60 


6,1 


0*44 


0,24 


- 


2.9 


6,6 


12 


2.94 


8.70 


2 


1.19 


4 ,1 


0,13 


0,l6 


- 


2.2 


4.6 


13 


2.94 


7.20 


2 


1.98 


8,4 


0.72 


0,43 


- 


4.2 


U 


14 


2.90 


4.75 


2 


1.32 


5.5 


0.34 


0.16 




2,3 


5.7 


13 


2,99 


6.44 


2 


1,29 


4.8 


0,29 


0,38 


- 


A3 


5,5 


16 


2.93 


7,70 


2 


1,31 


5,o 


0,24 


0,16 


« 


2. / 


5.4 


17 


2,93 


6.72 


2 


2.51 


16.0 


1,30 


0,64 


- 


3.5 


la, 2 


18 


2.91 


4.44 


2 


2.51 


19.3 


1.46 


0,77 


- 


7.6 


17.0 


19 


2.97 


5.57 


2 


2.48 


16.0 


1 ,40 


0*66 


- 


6,0 


14,7 


20 


2.54 


6.95 


2 


2,24 


12,0 


1,10 


0.45 


- 


5.2 


R 


21 


3,01 


6.32 


2 


2.03 


9.2 


0,61 


n,43 


to 


4,0 


ft 


22 


3.02 


8,4 


2 


1,99 


9.2 


0,62 


0,47 


- 


3.9 


R 


23 


2.94 


9.2 


2 


1,97 


8.6 


0,58 


0,3? 


- 


•v * - 


ft 


24 


2,93 


4.66 


4. 


2.01 


11,0 


0.37 


0*52 


- 


" 0 

Jod 


R 


23 


2.03 


3,53 


2 


2.00 


12.2 


0.85 


0.63 




5*3 


Cm 


26 


2.00 


7.5 


2 


1.84 


8,3 


0,48 


0,41 


09 


4.4 


R 


27,5 


2.00 


7.5 


2 


2.06 


10,1 


0*85 


0,4? 




5.0 


R 


28 


2.00 


7,5 


2 


2.30 


12,0 


1,02 


0.47 


- 


6,0 


li 


29a 


1.00 


6.31 


0 


2.00 


9,2 


0*70 


0,26 0,28 


4.6 


9,5 


29b 


1.76 


8,31 


0 


2,00 


9.4 


0.76 


0.2? 0,16 


4,6 


9,5 


29c 


2.50 


8.31 


0 


2.00 


9,4 


0,73 


c,;?o 


- 


4.6 


5.5 


30a 


3.51 


8,31 


0 


2,00 


10,0 


0,57 


0,21 


- 


4,6 


y.5 


30b 


4.50 


8.31 


0 


2.00 


10.0 


0,40 


0,1? 


- 


*u-» 6 


9.5 


31a 


4.83 


8,31 


2 


2.00 




0.42 


0.22 


CO 


4.2 


9.7 


31b 


4.13 


8.31 


2 


2.00 




0,60 


0,32 


- 


4.2 


9,7 


31c 


3 , a4 


0.31 


2 


2,00 




0,78 


0,38 


- 


4,2 


9.7 


36a 


3,85 


8,31 


3 


? ,Qo 




0,79 


0.4? 


- 


J 0 


>,6 


36b 


4.98 


8,31 


3 


2.00 




0,42 


0,28 




4.2 


9.6 


36c, 


4.36 


8,31 


3 


2,00 




0.57 


0.34 


- 


is. 2 


9.6 


37a 


2.64 


8.31 


1 


2.00 




0,81 


0,43 


* 


4,2 


9,7 


37b 


3.15 


8.31 


1 


2,00 




0,75 


0*45 


- 




9.7 


37c 


3.86 


8.31 


1 


2.00 




Q»o2 


0,36 


- 


4.2 


9.7 


37d 


4,70 


8.31 


1 


2.00 




0,43 


0,21 


- 


4 A 


9,7 


38a 


4.96 


6.31 


-1 


2.0U 




0.26 


0.16 


dll 


4,4 


9.7 


38b 


4.05 


8,31 


-1 


2,00 




0.1*1 


0,20 


- 


1 

l*. **. 


5.7 


33c 


3.15 


8,31 


-1 


2.00 




0,58 


0,28 


- 


4,4 


G *7 
? s 1 


3 fid 


2.25 


8,31 


-1 


2.00 




0,67 


0.32 


0.06 


4* <-» 


9,7 


39 


1,16 


8.31 


-1 


2.00 




0,64 


0.26 


0.22 


4.4 


5,7 


40a 


4.75 


7,65 


j 


2,51 




0.91 


0.43 




6,3 


15 *i. 


40b 


3.77 


7,65 


3 


2,51 




1,20 


0,55 
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6.3 
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TABU. II 

(coat’d) 



RUM 

NO, 


?1 

in. 


«o 

in. 


c< 

o 


V A 

ft /scs in. 


a 

in. 


y D 

in. 


y l 

in. 


k 


l 2 

in. 


40c 


2.76 


7*65 


3 


2,51 


1.34 


0,63 


o 


6.3 


3.5,4 


hOd 


1.30 


7.65 


3 


2,51 


1.24 


0.71 


0,03 


6,3 


15,4 


ilia 


0.62 


7.65 


3 


2.51 


0.92 


0,49 


0,24 


6.3 


15.4 


bib 


4.76 


7,65 


2 


2.51 


0.80 


0,45 


- 


6.3 


15.2 


hie 


3.77 


7.65 


2 


2,51 


1,09 


c.52 


- 


6.3 


15*2 


hid 


2.80 


7.65 


2 


2.51 


1,26 


0,63 


- 


6.3 


lb. 2 


hie 


1*80 


7,65 


2 


2.5l 


1.18 


0.57 


0,08 


6,3 


15*2 


hlf 


0,81 


7,65 


2 


2,51 


0.77 


0,43 


0,19 


6,3 


13.2 


He 


iu 30 


7,65 


1 


2,51 


0.70 


0.39 


<* 


6,4 


13.3 


iilh 


3.81 


7.65 


1 


2,51 


0,91 


0,45 


- 


6.4 


15.3 


42a 


2.84 


7.65 


1 


2,51 


1,05 


0,49 


0,04 


6.1 


15*3 


b 2b 


1.82 


7.65 


1 


2,51 


i.o5 


0.52 


0.12 


6,4 


15,3 


42c 


0.34 


7.65 


1 


2.51 


0,74 


j,3S 


0,20 


6,4 


15,3 


ii2d 


4.8$ 


7.65 


0 




o,5o 


0.33 


- 


6.3 


15,2 


He 


3.85 


7.65 


0 


2,51 


0,65 


0.37 


- 


6,3 


15.2 


Hi 


2.85 


7,65 


0 


2.51 


0,74 


0.43 


0.06 


6.3 


15,2 


42g 


1.85 


7,65 


0 


2.51 


0,78 


0,45 


0.10 


6,3 


15.2 


42h 


0,86 


7,65 


0 


2,51 


0,63 


0,28 


0.18 


6.3 


15.2 


43a 


4. 85 


7,65 




2,51 


0,41 


0,30 


- 


6,4 


15.6 


43b 


3.86 


7 ,65 


-1 


2,51 


0.54 


0.35 


- 


6,4 


15.6 


43 c 


2.84 


7,65 


-1 


2,51 


0,67 


0.37 


0,04 


6.4 


15,6 


43d 


1.65 


7.65 


-1 


2.51 


0.71 


0.37 


o.i4 


6.4 


15,6 


4ie 


0.8? 


7.65 


-1 


2.51 


0,52 


0.26 


0,24 


6,4 


15.6 


Ida 


2.98 


9.65 


3 


1,50 












44b 


3.72 


9.65 


3 


1,50 


This data not taken 




44 c 


4.50 


9,65 


3 


1.50 


in following runs 






44d 


3.42 


9.65 


3 


1.50 












44 e 


3.01 


9.65 


2 


1.50 












44f 


3.51 


9.65 


2 


1,50 












44g 


4.o4 


9.65 


2 


i.5o 












44h 


3.02 


9*65 


1 


i,5o 












44i 


3.54 


9.65 


1 


l.5o 












hh3 


4.05 


9,65 


1 


l.5o 












44k 


2,57 


9.65 


0 


i.5o 












441 


3.04 


9.65 


0 


1,50 












44m 


3.54 


9.65 


0 


i,5o 












44n 


2,55 


9,65 


-1 


l,5o 












44o 


3. 04 


9.65 


-1 


1,50 












44p 


3.58 


9.65 


-1 


l.5o 












NOTfc i 


» 1) 


?. in 1 2 


colleen indicates breaking at iirst wave crest. 






2) 


- in yi 


eolusji indicates no 


surface 


rise directly above 


foil. 
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Limits of accuracy in 



*1 


0,02 


r ^c 


0.02 


OC 


0,1° 


V 


0.01 


A 


0,3 


a 


o,o> 


Jo 


0.02 


n 


0,02 




0.2 


X 2 


OJi 



terms of probable error. 

in. 

in. 

ft/sec, 

in, 

in, 

in, 

in, 

in, 

in. 
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SABLE III 

TABULATION OF UA.TA FjR Tut PLOT OF TIBS VARIATION 
OF WAVE-LEi. GTH WITH DEPTH OF flATLR TO 
NOTE SliALLOf-iSATER EFFECTS 



V = 


1.30 ft. /sec. 


* 

II 

r\3 

0 


- 


d^ = 2 , 91*0 in. 




hur 


1 do (ft.) 


V ft. /sec. 


V £ 


Aft. 


A (corrected) 


7 


0.829 


1.300 


1.69 


0.375 


0.375 


9 


0.560 


1.1*85 


2.21 


0.1*75 


0.363 


10 


0.752 


1.720 


2.96 


0.608 


0.3U7 


11 


0 . 6JU7 


1.5# 


2.55 


0.508 


0.337 


lh 


0.396 


1.320 


1.75 


O.U58 


0.1*13 


15 


0.536 


1 . 29 k 


1.68 


0,396 


0.398 


16 


0.61*1 


1.310 


1.72 


0.1*16 


0.1*08 



V * 2.00 


ft. /sec. 


5 2° 




d*L = 2.91*0 in. 




Run 


do 


V 




A 


A (corrected! 


13 


0.600 


1.975 


3.90 


0.700 


0.718 


20 


0.579 


2.21*0 


5.02 


1.000 


0.798 


21 


0.526 


2.030 


k.13 


0.766 


0.71*2 


22 


0.700 


1.990 


3.96 


0.766 


0.771* 


23 


0.718 


1.972 


3.69 


0.716 


0.736 


2h 


0, 388 


2.010 


l*.0l* 


0.917 


0.908 


25 


0 , 291 * 


2.000 


l*.oo 


1.017 


1.017 


30 


0.689 


1.980 


3.93 


0.750 


0.761* 


v = 2.5 


ft./ sec. 


oC = 2 0 




di = 2,91* in. 




Hun 


do 


V 


V2 


A 


X (corrected) 


17 


0.559 


2.510 


6.32 


1.333 


1.319 


18 


0.370 


2.510 


6.32 


1.608 


1.59 


19 


0 . JU6U 


2.1*00 


6,15 


1.333 


1.356 


hO 


0.636 


2.510 


6.32 


1.250 


1.21*5 



Velocities of 1.3* 2.0, and 2.5 ft. /sec. were chosen to show on the 



curve because nost of the runs mde during the early part of the investi- 



gation were at velocities near these. A 3 shown above all of the wave- 



lengths were corrected by proportioning based on the ratio of the squares of 



the velocities 2 




which was previously established. 
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lAASXJ. IV 





* Aij'jlA x I -xx' 1 ; 


i *>*. ltX/i . *’ • <Lvx/X * * 


r ♦ < 




• AV ■ »x^. J.X. *H 1 ; . 


P » i r. - jii *, 




KJa* 


V 


<? 


5 






X 


A 


6 


1.83 


a. 00 


.666 


10 


1.72 


7.30 


.608 


11 


1.595 


6.10 


.508 


17 


2.51 


16. GO 


1.33b 


20 


2.2b 


12.00 


1.00 


22 


1.9 » 


9.20 


.766 


23 


1.97 


8.60 


.716 


26 


1.835 


8.30 


.692 


26.5 


2.b5 


11 .0 


1.166 


25-30 


1.58 


y.6 


.300 


bO 


2. b8 


16.00 


1.25 


Try 


e following ealcolatl or 


« «*rvc to fisbitantii., 


.t* tc- 1,. 


t*» curve ol velocity vfvxia 


mve-lcngtu t u foilori"., poL 


tokent 










X « l.?6 It. 


V a 3 .00 t to/*;® Co 






X ® O.bb It. 


V * 1.50 ft. /see. 





Is Ox tjic f OTS 5 

X s V' 1 

(1«?6 a K(3.00) n 
(O.iiii a K(1.$0)* 

InA » la & <* n(ln V) 

in l.?6 * In f * n In 3.00 
In Qohb • 3» I 4 n In 1.50 

0.565 s In K m 1.090 

- 0.02,3 » In X 4. n 0.105 

1.300 * 0.693 n 
8% n « 2 

0.565 a Ir, K 4 . 2 (1.096) 
b R* -1.631 
H = 0.155 

a X • 0.195 V 2 = 2jr y2 
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TABLE ■/" 

TABULATION OF DATA FOR PLOTS 0? a/c VfcKadS dj/c 
AT VA&10US A l uLES OF ATTACK 
JL 

V* 2.51 ft./seo. IF, «YFc .920 c s 2,?7i«. 



oC 


» -10 


oL 22s qo 


o£ = 


1° 


06= 2 0 °6 = 3° 




a/c 


d l/c 


a/c 


d l/c 


a/c 


tye 


a/c 


di/c 


a/c 


d v« , 


e.iao 


" a.3iii' ' 


0.228 


0.310 


0.267 


0.303 


"o727B~ 


0.292 


0.332 


0.2/6 


0.256 


0.669 


0.2C2 


0.669 


0.379 


0.657 


0.626 


o.c5o 


0.668 


0.650 


0.262 


1.025 


0.267 


1.029 


0.379 


1.025 


0.855 


1.010 


0.686 


0.996 


0.195 


1.395 


0.235 


1.390 


0.328 


1.375 


0.398. 


1.360 


0.633 


1,360 


0.1U8 


1.750 


0.180 


1.750 


0.253 


1.735 


0.289 


1.725 


0.328 


1.715 


V 35 2 


!.Q0 ft. /sec. 




= 0.733 




c ~ 2. 


Tl in. 






oC 


= -1° 




«L B 0° 


06 = 


1° 


oCr 


2° 


oL » 30 


a/c 


di/c 


a/n 


di/c 


a/c 


. _ di/c .. 


a/c 


.... di/c 


a/c 


d-i/ c 


0.231 


oJa.9 


0.253 


0,361 


0.292 


0.95IT 


0.311 


I.060 


0.285 


1.390 


0.2ii2 


0.813 


0.2?6 


0.635 


0.271 


1.138 


0.282 


1.262 


0.206 


1,575 


0.210 


1.139 


0.266 


0.903 


0.226 


1.393 


0.217 


1,690 


0.152 


1.798 


0.168 


1.662 


0.206 


1.26? 


0.155 


1,697 


0.152 


1.760 






0.096 


1.790 


0.166 


1.625 














V = 


1.50 ft. /sec 


* 


/f = 


0.550 




c ~ 2 


! . 77 in. 


) 




oC. a; —3^0 




°6 - 0° 


<9. 


e x o 


ot~ 


2° 


06= • 


5° 


a/c 


d l/c 


a/c 


d l/c 


a/c 


di/c 


a/c 


d iA. 


a/c 


di/c 


6,ll5 


0.921 


0.136 


0.928 


o.iol 


’ I.O9O 


0.130 


i.oJt 


" 0.159 


1,0/6 


0.051 


1.098 


0.083 


1.098 


0,072 


1.280 


0.072 


1,268 


0.098 


1.235 


0.018 


1.292 


0.058 


1.280 


0.029 


1.U62 


0.0U0 


1.660 


0.072 


1.362 



0.032 1.625 
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TABLE VI 

MUM2RICAL AVERAGES RELATING THE 
TRANSITION TO THE STEAD! WAVE 



Ran ToM*) Run {%) 



Run 



L 2 



A 



31a 


52 


b 


51* 


c 


50 


36a 


57 


b 


67 


0 


59 


37a 


53 


b 


60 


c. 


58 


d 


1*9 


38 a 


62 


b 


k9 


c 


k6 


i 


h 8 


39 


W* 


l*Ga 


1*7 


b 


1*6 


c 


1*7 


d 


57 


lila 


53 


b 


56 


c 


1*8 


d 


51 


e 


1*8 


f 


56 


g 


56 


h 


50 


i* 2 a 


1*7 


b 


50 


c 


51 


d 


66 


« 


57 


f 


58 


g 


58 


h 


1 * 1 * 


i*3b 


65 


c 


55 


d 


52 


• 


50 


Avg. 


53.3 


Min. 


1 * 1 * 


Max. 


67 



7 


1*9 


7 


1.11 


8 


1*9 


9 


0.98 


9 


1*6 


10 


1 . 01 * 


10 


52 


11 


1.08 


11 


1*8 


12 


1.11 


12 


51* 


13 


1 , 01 * 


13 


1*9 


15 


1 . 11 * 


15 


1*8 


16 


1.08 


16 


51* 


29a 


1.03 


23 


1*9 


29b 


1.01 


26 


53 


29c 


1,01 


27.5 


50 


30 a 


0.95 


28 


50 


30b 


0.95 


Avg. 


50 


Avg. 


1.01* 


Min. 


1*6 


Min. 


0.95 


Max. 


51* 


Max. 


1 . 11 * 
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ft 


15 
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1. 




ft 
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TAJSLIi. VI a 



SAKPL DATA fsi»£T 29 a) 



7 anor ter 1,30 feet 9 <<* 0 

Foil Location* vertical 3 j *25 «*».* horizontal l 6»?0 cm. 



Ft 01 ILi DaTA 



VERTICAL 


i . wH jlA U-jTA L 


VERTICAL 


tL\j l L i-> 0..' X AL 


36,75 


11*00 


35,85 


31,00 


36,76 


13,00 


35,97 


32,00 


36,79 


liuOO 


36,56 


33,00 


36.92 


15,00 


37,51 


3 ^ ,00 


36 , 9 c 


16,00 


37.75 


35,0 


37 * 1(2 


17,00 


37,19 


36, !0 


37 , a 


17 .L 0 


3 t>, li. 


38 , 


37,61 


18,^0 


33,86 


39*50 


37,01 


.19 *00 


36,05 


1,0 ' 


36,57 


20,00 


36,57 


52,50 


36, ?5 


21,00 


37,36 


V • 


36,10 


22,00 






36,31 


23 ,00 






36,69 


25.00 






37,25 


25,00 






37,75 


26,00 






37,55 


27,00 






37,09 


28,00 






36,50 


29,00 






36,15 


30,00 






T.'i*- <_l OV' 


■' d«'ta j or n*. of t 


>0 runs in Tnich 


a conplete proiile 


,0 'sapped * 


Vertic/ i Jisw ct ar* 


re-’ordisd n 0% 


rtinaterr x id act i- 



zonial ii t-v-to arc r< cor dr a a it, Bottom elevation was 15*75 cm* 



. 






. . • „ i' 



3 P , 






< ' . 

. 



MU* 




. 



* 5 
. . 



„ 




+ . 



Js* L 
* 




-• * '. 

f. . : L 

.... 1 

I * 

I . * 

l\ !• 
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lABLb VIII 



SAiiFLji M'i'A Silt . X (>{UK b) 



iiwometer 1,77 feet^oCr 2°. 

V(i±1 ^cation* vertical 23,05/ «*,, horizontal 16, 1*0 «bi. 



TOPICAL (cr.,) HOitIZ,UTAL (in.) 



35,22 
35,22 
35,22 
35,01 
3k.6k 
3k,28 
3 k, 11 
3k, kk 
3lu9$ 
35.58 
35,95 
35.80 
35.15 



11.00 

13.00 

15.00 

17.00 

19.00 

21.00 

23.00 

25.00 

27.00 

29.00 

31.00 

33.00 

35.00 



Max, (Vert, 33,92 cm, 
(iiori. 40,ii0 in, 

Min. (Vert, 35.02 cm* 
(tfori. Jj8„80 in. 



The above table is data for one of the runs of the series in which 
the transient vas to be studied ard the amplitude ras to be noted. 
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TABLE IX 

SAMPLE DATA SJEET (RUN l*j ja ) 



Manometer 1.015 feet 


» °t = 3°. d» ■ 


Foil location* vertical 32,68 cm. 


Max. 


1*0.75 cm. 


Min, 


39.60 cm. 


Max. 


1*0, 61* cm. 


Min, 


39*6? cm. 


Max, 


1*0.81* cm. 


Min. 


39.59 cm. 



cm. 



The above is data from a run oi a series in which amplitude only 
was studied. 
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APPENDIX C 



SAMPLE DiTEH MEDIATE PLOTS 



. 

^ ■ am ii ^ 



fi auras xv 







: t • via 

v r : • JSLi. 













. 

- 



rr , __ _ . i ^ - ■ _ T 



47 



LITERATURE CITATIONS 



1. Daily, J. W., "Cavitation Characteristics and Infinite Aspect 
Ratio Characteristics of a Hydrofoil Section". ASME May 191*8. 

2. Aueman, J. S. "Experimental Investigation of the Influence of 
Submergence depth Upon the Wave-Making Resistance of a Hydro- 
foil." Thesis conducted at University of California 1950. 

3. Scarborough, J. B., "Numerical Mathematical Analysis", Johna 
Hopkins Press, Pages 14*3-1^5* 

It. Lamb, H., "Hydrodynamics” (Sixth Edition), Dover Publications. 
Pages 1*02, 1*01*-1*15. 

5* "On Waves" British Association Report 181*1*. Page 1*59. 



.1. -ill' • ' • ’ • ' ' • r - r ' «■£ 

. **£ ., • \ ■ 1 1 =i* ’ 1 ' J< - 

. . f v . ' *J *** * ' ’ " ' ** ’ 4 1 '- 

V ... . . . .. . . i_ . ^ >•, • < 

,,, i ■ *-&■ S* •.lit- 



. -*o «ii* - ' 

U .. i. *»■•-«*) 



i* i *.,3 »- . 

. •* '-A • » - * 



f §, d 

i* t ‘ 



,4 

:'I . rcoq*/ -i .i omA 'niJr-'l •."' .« 



JUI 2 
JL 2260 

( 7 NOV 72 



2 2 0 0 2 



Thesis 

J69 



Jon © 5 

An 



analysis 



20521 



f surface 
sub- 



waves generated by a 

merged hydrofoil - 



J u 2 26 0 
l 7 NOV 72 



O'tfPc's 



V -» 



2 2 0 0 2 



20521 



Tliesis 

J69 Jcnes 

An analysis of surface waves ven- 
erated by a submerged hydrofoil. 



i J 

U. ii. Novnl Postgraduate School 
Monterey, California 



